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INTRODUCTION 
In the present world, agriculture is the backbone of the economy 
of any society. The developments in science and technology have ushered 
in a new era in that arena. Because of the ever increasing demands for 
food and fiber, efforts have been made to increase productioh by making 
use of every possible means. Science plays a vital role in that effort 
for survival. Through the development of a well integrated agricultural 
science, we learned to use fertilizers, different crops that are resis-
tent to certain diseases, insects and weeds, and during more recent years 
increased chemical control e Perhaps by the turn of this century, popu-
lation growth in the world will be doubled. Therefore, producing food 
and fiber necessary for the increased population will necessitate the 
continued and even accelerated use of chemicals for the control of in-
sects, diseases and weeds. The very rapid development of large numbers 
of chemicals for pest control has already caught the scientists un~re­
pared and unequipped to evaluate the effect of all these materials in 
the total biological systeme The massive use of chemicals without being 
aware of its effects on the subtle ecology of nature, might pose a threat 
to the whole of mankind. So, agricultural chemicals require careful and 
intelligent use if they are to be safely incorporated into modern scien-
tific agriculture. Scientists must know the many interrelations of a 
given chemical following application to plants or soil. Although there 
are federal regulations here in the United States of America to control 
\._.- ' 
rampant use of agricultural chemicals having toxic properties, the situa-
tion in other parts of the world is much more grave. There are very few 
regulations in those countries to control the wholesale use of toxic 
pesticides and other chemicals$ So, a vivid kn~wledge of every chemical 
and the problems created by those chemicals must be solved before safe 
tolerances and final approval can be given to a chemical for wholesale 
use in the environment. 
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A major portion of agricultural chemi cals, known as herbicides, 
are used for weed centrale Among the variety of herbicides which have 
already been incorporated in the modern weed control technology, pendi-
methalin is a relatively new herbicide and is receiving widespread usage. 
In the recent years, studies have been initiated on degradation pathways, 
volatilization, extraction and residue analysis of this herbicide. Some 
metabolism studies of pendimethalin in plant, soil and animals have also 
been reported. But, these earlier findings of pendimethalin did not 
answer many question s regarding the contribution of light of different 
wavelength to the degradation process of the herbici dee There is no known 
report on the interaction of short and long ultraviolet light with. pendi-
methalin e Ultraviolet light of wavelength 4 to 400 nm provides sufficient 
energy to bring about photochemical transformationse The ultraviolet 
light amounts to about 143 kcal/mole at 200 nm, 95 kcal/mole at 300 nm 
and 68 kcal/mole at 420 nm c For comparison, the energy required to ·break 
the carbon-carbon bond in ethane is about 88 kcal/mole and C-H bond in 
the same molecule requires about 98 kcal/mole. Most of the typical bond 
energies for free radical bond breaking lies between 58 and 118 kcal/mole 
(16). Although bond strengths may vary depending on the type ·af molecule, 
physical state, and reaction mechanism, it is apparent that ultraviolet 
light is sufficiently energetic to provide for many kinds of chemical 
transformations. 
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. My first objective was to study the possible effect of light of 
different wavelength on the degradation of pendimethalin and to detect and 
identify the degradation products formed in that interactionG A study 
of the effect of temperature and pH on pendimet~alin and residue analysis 
I 
of this herbicide from different kinds of soils and plants was also 
proposed. 
HISTORY 
Pendimethalin, an agricultural chemical is marketed commercially 
® 
as Prowl by the American Cyanamid Company. The chemical formula and 
name of pendimethalin are given in Figure 1. 
[N-(1-ethyl propyl)-3,4,-dimethyl-2,6-dinitrobenzamine)] 
Fig. 1 
Pendimethalin is a preemergence or preplant herbicide for coritrol of 
most annual grasses and certain broad leaf weeds. It acts by preventing 
growth of the germinated weed seedling while allowing growth of most 
important crops (6). Zoologically pendimethalin is considered to be 
slightly toxic by ingestion in single doses and practically nontoxic by 
single skin applications. The acute oral LD50 values for male and fe-
mal~ rats are 1250 and 1050 mg/kg respectively. The dermal L050 for 
rabbits is greater than 500 mg/kg. Long tenn (18 months for mouse and 
2 years for rat) studies show no harmful effects from pendimethalin at 
dietary concentrations up to 500 ppm in the mouse and rat (2). 
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Although dinitroanilines have been recognized as dye intermediates 
for several decades, their use as herbicides is of recent ~origin. Alder, 
et al. (20,21) first discovered that 2,~-dinitroaniline possessed a 
marked general herbicidal activity as compared to 2,4-dinitro- and 
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2,3-dinitroanilines, with the latter being the least active of the three. 
Selective herbicidal activity was obtained by dialkyl substitution on the 
amino group of the 2,6-dinitroaniline molecule, with n-propyl the most 
active dialkyl substitution. Substitution in the 4 position of the ring 
resulted in herbicidal activity in the following decreasing order: CF3, 
CH3, Cl, H. Pendimethalin is a 2,6-dinitroaniline herbicide with two 
methyl groups in the 3 and 4 positions of the ring and the amino group 
being substituted by ethyl propyl group as shown in Fig. 1. The useful-
ness and effectiveness of pendimethalin as a selective, soil-incorporated 
preemergent herbicide led to the commercial product. Wide variation in 
molecular structure of 2,6-dinitroanilines is possible; and as might be 
expected, other analogs possess herbicidal properties in varying degrees. 
In recent years chromatographic analysis, degradation studies, residue 
analysis and volatilization studies of pendimethalin have been performed. 
Some of the studies are comparativ~ studies of pendimethalin with other 
dinitroaniline type herbicides. 
"Wayckoff, J.C. (2) described the gas chromatographic and thin 
layer chromatographic analysis of this herbicide. Pendimethalin was 
successfully analyzed on an OV-225 (1.5 gm.)~Gas Chrom Q (48.5 gm.) 
column. The column used was a 120 em borosilic-ate glass tube of 4 mm 
·inside diameter and was packed with 3% OV-225 as the stationary phase on 
100-120 mesh Gas Chrom Q, which served as a solid support in the column. 
At a column temperature of 210°C, injection port temperature of 240°C 
and detector temperature of 275°C, pendimethalin ~ showed a distinct peak 
of retention time 7.6 minutes. In this analysis a flame ionization 
detector was used with a helium flow rate of 90 ml/min., hydrogen flow 
rate of 45 ml/min. and air flow rate of 250 ml/min. In the hin ayer 
hromatographic analysis, pendimethalin was analyzed on a silica gel 
plate {20x20 em), using petroleum ether-triethylamine (95:5 V/V) eluent. 
Because of its characteristic yellow color pendimethalin was visible as 
a yellow band on the plate. It was scraped off the plate, was extracted 
with methanol and then was analyzed spectrophotometrically by measuring 
the absorbance of the standard and sample solution at 425 nm. 
Tondreu, et ala (1) developed an automated gas chromatographic 
procedure that utilizes instrumentation equipped with a linear 63Ni 
electron capture detector to measure pendimethalin and its metabolites 
in a variety of agricultural crops. 
Tondreu, Parsela, Devine and Wyckoff (7) described a Gas Chro-
matographic procedure to measure pendimethalin in environmental samples. 
Clean up procedures were described for soil, water and fish. 
The metabolism studies of pendimethalin in soils, plants ~nd 
animals were reported by Barringer, et al. (12), Marie, et al. (13), 
Zulalian, et al. (14)G They found that metabolism proceeds by both oxi-
dation and reduction to a variety of products. Pendimethalin was found 
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to be the predominant residue with the 4-([1-ethyl propyl]-amino)-2-methyl-
3,5-dinitrobenzyl alcohol the only metabolite of toxicological significance 
in resi due analysis. 
Although the majority of organic chemicals used in pest control 
have low vapor pressures, the ability of these chemicals to pass into 
the vapor phase is significant in relation to the quantities applied 
annually and to their biological effects. Most herbicides have vapor 
pressures well below 10-3 mm mercury at 2ooc, but their mode of application 
7 
frequently presents a high potential for loss by evaporation (11}. 
Volatility may be an important method of loss of the dinitroanilines, 
even though effectiveness of the soil as a barrier to vapor loss of 
dinitroaniline herbicides is evident from their high degree of adsorption 
to soil (19). 
I 
Harvey (19) recently found a positive correlation between 
volatility of ·seven dinitroaniline herbicides and their toxicity to fox-
tail millet under laboratory and field conditions. Absorption of vapors 
of these dinitroaniline herbicides may, therefore, be a more important 
mode of entry into plants than absorption from soil solutions. A number 
of volatilization studies of pendimethalin have been reported in recent 
years. A comparative volatilization study of trifluralin, pendimethalin 
and nitrosopendimethalin from Matapeake loam soil was completed by J.E. 
Oliver (5)o The previous studies (8,9) have indicated that trifluration 
was lost much more rapidly than pendimethalin. Oliver (5) found this 
to be true in the early stages of the experiment, but after one month 
cumulative volatilization of pendimethalin was almost one-half as complete 
as .for trifluralino Compared to these two herbicides, volatilization of 
nitrosopendimethalin from soil was found to be very slow. Most of the 
nitrosopendimethalin volitilization occured within the first few days. 
This behavior contrasted with that of two dinitroaniline herbicides which 
continue . to volatilize for several weeks. They also found that volatili-
zation of the herbicides proceeded faster from moist soil than from dry 
soil. The reason was attributed to the rate of movement of herbicides in 
the soil. According to Kardos and Sapper (22), the rate determining 
step in volatilization is movement of the compound to the soil surface. 
K.E. Savage and T.N. Jordan (4) also reported a work on comparative rate 
of loss of three dinitroaniline herbicides, pendimethalin, trifluralin 
and fluchloralin, from soil surfaces. They used different types of 
soils and it was found, herbicides were lost rapidly in the first 3-5 
days from Basket Silt loam and Sharkey clay, although the initial rate 
of loss was less rapid in the clay. Like other workers (8,9} their 
findings also showed a similar trend of more rapid loss of trifluralin 
and fluchloralin than pendimethalin . Half-life values for the first 
3 to. 5 days for trifluralin, fluchloralin and pendimethalin were found 
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to be 2, 1.5 and 4 days on silt loam and 2, 4 and 6 days on clay respect-
ively (4). The effect of rainfall on all three herbicides was also 
studied. It was observed that rainfall on the first day of the sampling 
.period resulted in increased initial loss of all herbicides. Shading 
from direct sunlight greatly reduced the loss of fluchloralin and pendi-
methalin as comp~red to exposure to full sunlight, although trifluralin 
loss remained fairly rapid under shaded conditions (4). 
Dinitroanilines appear to degrade in soils via oxidation and 
reduction pathways (10) . The forme r involves a series of oxidative 
alkylation steps and the latter~ reduction of nitro groups. Oxidative 
cyclization also occurs with certain herbicides (10). Acetylation, 
such as occurs following the bacterial transformation of the fungicide 
OCNA (2,6-dichloro-4-nitroaniline) to 2-6-dichloro-p-phenylenediamine (15} 
has not been reported for dinitroaniline metabolism. Oxidation is 
classically associated with aerobic soils and reduction wit~ anaerobic 
soils. However, "unexpected" dinitroaniline metabolites (e.g., dealkylated 
products in flooded soil) often occur. C.S. Helling (10} in his review 
paper on dinitroaniline herbicides inferred that Both oxidation and 
reduction may function in a field soil. Degradation of dinitroaniline 
herbicides in an anaerobic condition were found to proceed faster than 
aerobic degradation of the same compounds (10,23). The aerobic degra-
dation pathway was investigated by several workers. Probst, et al. (23) 
I 
summarizing current works, suggested that benefin, a · dinitroaniline, 
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degrades by dealkylation then nitro reduction. T. Golab and · his coworkers 
(17) studied the aerobic degradation of oryzalin and extractable meta-
bolites suggested a typically complex degradation scheme involving deal-
kylation . The mechanism of anaerob ic degradation of dinitroanilines is 
still uncertain; Willis, Wander and Southwick (18) found no clear relation-
ship between trifluralin breakdown in soil suspension and microbiological 
respiratory activity (C02 evol uti on) ~ R.H . Smith, J.E. Oliver and W.R. 
Lusby (3) reported a degradation study of pendimethalin and its N-Nitroso 
and N-Nitro derivatives in anaerobic soil . The schematic representation 
of th~ir findings is shown in Figure 2. After incubating radioactive 
N-nitrosopendimethalin (I) for 14 days i n an anaerobic chamber they re-
covered by extraction 43% of the initial radioactivity. Combustion 
analysis of the extracted soil .shoWed that 35% of the added 14c remained 
unextracted. The bulk of the extractable radioactivity (73%) was found 
to be associated with a single metabolite. The metabolite was proved to 
be N-{1-ethyl propyl)-N-nitroso-4,5-dimethyl-6-nitrobenzene-1,2-diamine 
(IV). When N-nitropendimethalin (II) was incubated anearobically for 20 
days only 7.5% of the added radioactivity was recovered by extraction. 
Less than 1% remained in the water, but 86% was found in the soil. Both 
the electron impact -and chemical ionization mass spectra suggested a 
molecular weight of 261 for the metabolite; fragmentation appeared 
ON_Nz 
___ A---:na::--e~r-=-ob_i_c _ 7 H2N~ N02 
Soil V 
IV 
Figure 2 
consistent with the benzimidazole (~) and the assignment was confirmed 
by mass spectral and high pressure liquid chromatographic comparison 
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· with an authentic sample of (V). When pendimethalin (III) was incubated 
for 4 days 45% of the added 14c could be recovered. Almost all the 
radioactivity was associated with two compounds, unchanged (III) and (V). 
Even though extractibility of 14c is rather poor, Smith and his coworkers 
found that pendimethalin (III) is more stable in anaerobic soil than 
either its N-nitroso (I) or N-nitro (II) derivatives. They also con-
cluded that, although benzimidazole (V) is a metabolite common to II 
and III, V is provided by II and III through different degradation pathways. 
Our work involved chromatographic analysis of pendimethalin 
11 
on a 1:1 mixture of QF-1 and DC-200 column, and the effect of temperature . 
and pH on this herbicide. Additionally a study of the effect of light 
of different wavelength on pendimethalin and residue analysis of it from 
different kinds of soils and plants was also ·performed. 
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EXPERIMENTAL PROCEDURE 
I. Reagents 
A. The standard pendimethalin of 99.5% purity was obtained from 
its producer, American Cyanamid Company, P.O. Box 400, Prince-
ton, New Jersey. 
B. Gas Chromatographic Stationary Phase 
For the gas chromatographic stationary phase the following 
chemicals were used: 
QF-1, Milton Roy Company Laboratory group, catalog number 
08312 (Applied Science Group) 
DC-200, Milton Roy Company Laboratory group, catalog number 
08020 {Applied Science Group) 
C. Solvents 
Analytical grade acetone, hexane, benzene and toluene. 
II. Apparatus 
A. A Varian 2100 Gas Chromatograph, equipped with a 63Ni elec-
I 
tron capture detector has been used for all work. The Nickel-
63 detector utilizes 63Ni as a source which emits low energy 
beta particles (electrons)e If a constant voltage is applied a 
steady stream of electrons flow from the source (cathode) to 
a collector (anode) where they are measured by an electrometer 
and recorded on a recorder. Thus a standing current is 
achieved. As a material which has an .affinity for electrons 
passes through the chamber in which the current is flowing, 
a quantity of the electrons are captured by the material and, 
consequently, the standing current is diminished. The magnitude 
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of standing current reduction is measured on the recorder. 
This reduction can be related to the amount of material which 
is present. After the component passes through the detector, 
the standing current recovers to the original value completing 
the characteristic chromatographic peak shown on the recorder. 
B. The column used was a 6 ft. long and l/8 inch inside diameter 
(1/4 inch outside diameter) borosilicate glass tube packed 
with a 1:1 mixture of 15% QF-1 (80-100 mesh) and 10% DC-200 
{80-100 mesh) on chromosorb-w. The DC-200, trade name of 
methyl silicone and QF-1, tradename of 50% trifluoropropyl 
methyl silicone, were used as the stationary phase in the 
column . Trifluoropropyl methyl silicone separates the more 
polar compounds, while less polar compounds are separated on 
methyl silicone . Chromosorb-w treated with hexamethyT disili-
zane (HMOS) was used as the solid support in the column. 
C. A Chromate-Vue, model CC-20, ultraviolet box fitted with 
3701~1 
short and long ultraviolet lamps was used as a source of 
short and long ultraviolet light. In the electromagnetic 
spectrum, ultraviolet light is considered to include wave-
0 
lengths between 40 and 4000 A (4-400 nm). The short ultra-
violet light constitutes the shorter fraction of the above 
range, having energy of approximately 104 kcal/mole and 
wavelength of 4-300 nm. The long ultraviolet light has 
energy of approximately 102 kcal/mole and const1tutes the 
longer fraction of the wavelength, which ranges from 300-400 nm. 
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III. Preparation and Conditioning of the Gas _ Chromatography Column 
A. Premixed 1:1 mixture of, 15% QF-1 and 10% DC-200 was heated 
in the oven for about an hour at 130°C. A three inch plastic 
funnel was attached to the exit leg of the prebent glass 
tube. Then with rapid hand tapping a small quantity of the 
prepared packing was added until the exit leg of the tube was 
filled to about 2 em from the end of the tube. A lightly 
compressed 2 em pledget of glass wool was inserted in the 
exit end of the tube. The exit end of the column was attached 
to a source of vacuum, making sure the glass wool pledget 
remains in place. The packing was continued slowly with 
tapping until the tube was filled to about 2 em fr0m th~ 
entrance end. A 2 em pledget of glass wool was inserted in 
the entrance end. 
The packed column was then conditioned for about two h~urs 
at a temperature approximately 25 degrees higher than the 
oven temperature specified in section IV.A. The gas flow 
was maintained at a minimum level (approximately 10 ml/min.). 
IV. Gas Chromatography Conditions 
A. The following gas chromatographic conditions had been main-
tained throughout the study. 
Column oven temperature: 
Injection port temperature: 
Detector temperature: 
Nitrogen flow rate: 
Attenuator: 
200°C 
230°C 
300°C 
40-50 ml/min. 
2X · 
V. Cleaning of Samples 
The pendimethalin samples in this study were cleaned on 6% 
florisil columns~ 
A. Deactivation of Florisil 
Two hundred and fifty grams of florisil was weighed in a 
tray and was dried in an oven at 120°C for about 3 hours. 
After cooling to near room temperature, the heated florisil 
was transferred to a 1 gallon bottle and 15 ml of distilled 
water was added. The bottle was tightly stoppered and was 
mixed thoroughly o It was then allowed to stand for at least 
15 
24 hours e The florisil thus treated was labeled as 6% florisil. 
B ~ Prepdration of Flori sil Column 
Twenty five milliliters of hexane and 3 gm (5 ml measured 
in a graduated cylinder) of deactivated florisil was taken 
in a chromatographi c tube (10 mm diameter) fitted with a 
fritted glass disco They were mixed together and allowed to 
settle. After the adsorbent has settled, the hexane was 
drained within 1 em of the top of the packing. The stopcock 
was then closed o 
C~ Cleaning of Sample 
The sample was first brought to dryness and then dissolved 
in 10 ml of hexane . It was then transferred to a fresh 
florisil column~ By opening the sto~cock the f ow rate 
was adjusted to 1-2 drops per second until the solvent reached 
the top of the packing. Two more additional 10 ml portions 
of hexane were added and drained maintaining the same flow 
rate. Finally, 50 ml of hexane was added and was drained 
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until the solvent level was 1 em above the top of the packing. 
A flow rate of 3-4 drops per second was used. The effluent 
was discarded and the receiver was changed to a clean 250 ml 
round bottom evaporating flasko Pendimethalin, which has a 
characteristic yellow color, shows a yellow band in the column. 
The compound was then eluted with 150 ml of 80:20 V/V mixture 
of hexane:benzene, using a flow rate of 3-4 drops per second. 
When the flow ceased, the contents of the flask were evaporated 
to dryness in a rotary evaporator. It was dissolved in 10 ml 
of hpnz~ne ~nd was transferred to a test tube. The contents 
of the test tube were then again evaporated to almost dryness 
using a nitrogen flash evaporator and was diluted with hexane 
to proper strength. 
. .. -~ ....... . . 
VI. Determination of pH of Soil 
AG The soil pH is conventionally defined by the equation: 
H:f 
soil pH= -log10a 
in which the activity of H+ in the soil suspension, aH+, is 
expressed as gm-ion per liter. The 'effective• concentration 
of hydrogen ion includes all sources including those arising 
by dissociation of soluble acids and those dissociated from 
soil particles. Because the soil pH measure varies widely 
with the method of preparation of a given soil, the details 
of the preparation procedure must be carefully specified with 
any soil pH data. There are several popular procedures for 
measuring soil pH. The following procedures are typical 
examples: 
a) water - saturation percentage preparation. 
b) soil - water ratio of 1:1. 
c) soil - water ratio of 1 :5. 
d) sticky point methode 
The procedure used for all sci 1 pH determinations was the 
soil - water ratio of 1 : 1 method. 
B. Soil-Water Ratio of 1:1 Method 
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To a 20 gm sample of soil in a 50 ml beaker a 20 ml volume of 
water was added. The suspension was stirred at regular inter-
vals for about an hour. Then the pH was measured with a glass 
electrode. The suspension was stirred well immediately prior 
to immersing the electrode (25). 
VII G Determination of % Yield of Pendimethalin 
Ae In the residue analysis the %yield of pendimethalin was 
calculated using the following set up: 
% . ld _ Height of pendimethalin in experimental sample X 100 yle - Height of standard pendimethalin 
VIII. Gas Chromatographic Analysis of Pendimethalin in a Column of 
15% QF-1 and 10% DC-200 on Chromosorb-W 
A. A 100 ml sample of 200 ppm pendimethalin standard solution 
was prepared using 20 mg of standard pendimetha1in and dissolv-
ing in analytical grade hexane. 
A 50 ml solution of 0.4 ppm was prepared from the 200 ppm 
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stock solution. Then 3 ~~ portions of the solution were in-
jected in the gas chromatograph equipped with a column of 10% 
DC-200 and 15% QF-1. Three microliters of an external standard, 
0.2 ppm of aldrin, was also injected. The response ratio and 
the retention time of pendimethalin was then deterttined. The 
response ratio was determined using the following set up: 
. Height of herbicide peak 
R = Response Ratlo = ~H-e~ig~h~t~o~f~e-x~te_r_n_a~1~s~t-a-nd~a-r-d~p-e-a~k 
IX. Extraction of Pendimethalin from Soil Using Different Solvents · 
A. Forty grams of soil were first ground in a mortar and then 
2 gm of the soil was weighed into each of the 12 petri dishes. 
Two tenths milliliter of 100 ppm standard pendimethalin 
solution was added to each of the petri dishes. The soil 
samples were then allowed to dry for about an hour. The soil 
in the petri dishes was mixed thoroughly. The petri dishes 
were left for 48 hours in the dark at room temperature ~24°C). 
Analytical grade acetone, hexane, benzene and toluene were 
used to extract pendimethalin from the soil. Three samples 
were used for each solvent. 
After 48 hours 5 soil was transferred from the petri dish 
to a test tube and 5 ml of the solvent was added to the soil. 
The test tube was shaken for about a minute and was centri-
fuged. The supernatant liquid from the top was collected by 
a dropper. The process was repeated three times~ for each 
sample using the same solvent, thus collecting about 15 ml 
of extract. The extract was brought to almost dryness in a 
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nitrogen flash evaporator, volume was adjusted to 5 ml with · 
hexane, and sample was cleaned over 6% florisil column as de-
scribed in section V.C. The expected concentration of the 
cleaned solution was then adjusted to 0.4 ppm by diluting 
with hexane. Three microliters of the solution were injected 
into the gas chromatograph. Gas chromatographic data were 
collected from three soil sample extracts of the same solvent. 
Three microliters of 0.4 ppm standard pendimethalin was in-
jected into the gas chromatograph and the percent recovery 
was determined as described in section VII.A. 
Xc Extraction of Pendimethalin from Different Types of Soil by 
Using Acetone 
A. The soils used in this study were silty clay, loamy sand, 
loam and silt loam. The soils were first ground in a mortar. 
Three 2 gm samples of ea~h type of soil were taken in three 
petri dishes and were labeled. Two tenths ml of 100 ppm of 
pendimethalin was added to each petri dish and allowed to 
dry for an hour . The soil in each petri dish was then mixed 
thoroughly and was kept in the dark at room temperature (24°C) 
for 48 hours. 
Bo For extraction, each sample was first transferred to a test 
tube from the petri dish and 5 ml of acetone was added to the 
soilc The test tube was then shaken for a minute and was 
centrifuged. The supernatant liquid from the top was collected 
by a dropper. The process was repeated three times for each 
sample, thus collecting about 15 ml of acetone extract. The 
content of the test tube was brought to almost dryness in a 
nitrogen flash evaporator and the volume was backed up to 
5 ml using hexane. The sample was then cleaned over a 6% 
florisil column as described in section V.C. The concentra-
tion of the cleaned sample was then adjusted to 0.4 ppm by 
diluting it with hexane. Three microliters of the solution 
was injected into the gas chromatograph. The same procedure 
was followed for all samples. 
XI. Effect of Temperature on Pendimethalin 
The effect of temperature on pendimethalin was studied both in 
solvent and in soil . The samples were run in 4, 7, and 14 day 
intervals at 2°~ 24°, 30°, 35°, 50°, and 65°C. Three samples 
were used for each temperature and each time period. 
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A. ~Soil . Soils were first ground in a mortar. Three s~mples 
of 2 gm ·each, fo~ each temperature and each time period, were 
weighed and taken in the petri dishes. The petri dishes were 
labeled. Then 0.2 ml of 100 ppm standard pendimethalin was 
added to the soil in each petri dish and allowed to stand 
for about an hour to dry. The soil in each petri dish was 
then mixed thoroughly and kept in the oven at a particular 
temperature for a definite time period. After that definite 
period of time, each sample was first ·transferre9 into test 
tubes from the petri dishes and 5 ml of acetone was added to 
each. The sample was shaken for one minute and was centri-
fuged. The supernatant liquid from the top was collected by 
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a dropper. The extraction procedure was repeated three times . 
for each sample, thus collecting about 15 ml of extract of 
the soil. The extract was then evaporated to almost dryness 
in a nltrogen flash evaporator and the concentration was ad-
justed to 0.4 ppm by dilution with hexane .. Three microliters 
of the 0.4 ppm solution was then injected into th~ gas chroma-
tograph . The same procedure of extraction was followed for 
all samples ~ 
B. In Solvent . · Three milliliters of 50 ppm of pendimethalin was 
transferred into each of three petri dishes for each tempera-
ture and each time period. Three samples were used for each 
temperature and time period. The petri dishes were labeled 
and were kept in the oven at a particular temperature for 
a definite time period. Each petri dish was then washed 
with 5 ml of acetone and the washings were collected in a 
test tube. Washing of each petri dish was repeated three 
times. The contents in the test tube thus collected was 
evaporated to almost dryness in a nitrogen gas flash evaporator. 
-
The concentrat ion was then adjusted to 0.4 ppm diluting with 
hexane and 3 ~£ of the solution was injected into the gas 
chromatograph . 
XII. Effect of pH on Pendimethalin in Soil 
The persistance of pendimathalin in soil of different pH was 
·studied by using soils of pH 4.6, 6.0, 7.0, 8.0, and 10.0. 
A. Preparation of Buffers 
The buffers of pH 4.6, 6.0, 7.0, 8.0 and 10.0 were prepared 
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by mixing the following chemica l s (26) . 
~ Preparation 
4.6 50 ml of 0.2 M monopotass ium phthalate, 12.15 ml 
of 0.2 N sodium hydroxide and making up the solution 
t o 200 ml volume wi th di stilled water. 
6.0 50 ml of 0.2 M acid potassium phosphate, 5.70 ml 
of 0.2 N sodium hydroxide and making up the solution 
to 200 ml volume with distil led water. 
7. 0 50 ml of 0.2 M acid potass ium phosphate, 29.63 ml 
of 0. 2 N sodium hydroxide and distilled water to make 
up the volume to 200 ml. 
8.0 50 ml of 0.2 M acid potas s ium phosphate, ~6 . 80 ml of 
0.2 N sodium hydroxide and di stilled water to make up 
a solution of 200 ml . 
10 . 0 50 ml of 0. 2 M boric acid containing 0.2 N pot~ssium 
chloride, 43.90 ml of 0.2 N sodium hydroxide and 
distilled water to make up a solution of 200 ml. 
Monopotassium phthalate soluti on (0. 2 M) was prepared by 
dissol ving 40.8 gm salt in one liter solution. Acid potassium 
phosphate solution (0.2 M) was prepared by mixing 27.232 gm 
sal t in one liter of solution . Bori c acid solution (0.2 M) was 
prepared by dissolving 12.3688 gm of boric acid and 14.912 gm 
of potass ium chloride in one li ter of solution. To prepare 
0.2 N sod i um hydroxide, 30 ml of 1: 1 solution of sodium hy-
drox ide was first prepared with di stilled water, then 14 ml 
of the solu t ion was diluted t o one lit~r with boiled distilled 
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water. The approximately 0.2 N sodium hydroxide solution was . 
then standardized with potassium hydrogen phthalate and a 500 
ml 0.2 N solution of sodium hdyroxide was prepared by mixing 
required amounts of standardized sodium hydroxide with dis-
tilled water. 
B. Twenty six grams of preground soil was weighed into each of 
the six 100 ml beakers and the beakers were labeled for pH 
4.6, 6.0, 7.0, 8.0 and 10.0 . Then 26 ml of each buffer was 
added to the corresponding beaker and was mixed thoroughly. 
The soil in the beaker was then allowed to dry for 5 days. 
The dry soil was again mixed thoroughly. Then soil samples 
of 2 gm each were prepared in triplicate for each pH by taking 
soil from the corresponding beaker to three petri dishes. The 
petri dishes were then labeled for corresponding pH. The 
pH of the soil in the beaker was determined as described in 
section VI.B . 0.2 ml of 200 ppm standard pendimethalin was 
added to the soil in each petri dish and were allowed to dry 
for about an hour. The soil in the petri dish was mixed 
thoroughly and the petri dishes were allowed to stand at 
room temperature (24°C) for a week. The residue of pendi-
methalin was then extracted and analyzed by gas chromatography 
as described in section XI.A. 
XIII. Effect of Light of Different Wavelength on Pendimethaliri in Soil 
and Solvent 
In this part of study the effects -of white light, darkness, long 
ultraviolet and short ultraviolet on pendimethalin (in soil and 
24 
solvent) wa s studied. Exposure times of 2, 4, 7, 14, 21, 28, 42 . 
and 56 days were used for both so i l and solvent study. 
A. ~Soil . Soil was first ground in a mortar. Triplicate 
samples of 2 gm each, for each t ype of light and each time 
period , we re weighed out in three petri djshes. ·rhe petri . 
dishes were then labeled for type of light and time period. 
Two tenths ml of 100 ppm of pendimethalin was added to each 
sample and was allowed to stand f or one hour to dry. The 
soi l in each petri dish was then mi xed thoroughly and was 
exposed to light of different wavel engths. When exposure was 
over , each sample was extracted and analyzed as described in 
secti on XI~A . for white light a norma l fluorescent electric 
bulb as source was used, but to avo i d the accompanying ultra-
viole t light the petri dishes were covered with watch glasses. 
B. In Solvent. Three mi l liliters of 50 ppm of standard pendi-
methalin was transferred to each of 3 petri dishes for each 
type of light and each time peri od . The petri dishes were 
label ed and were directly exposed t o l ight of different wave-
lengths. After exposure, pendimethalin was extracted from 
each petri dish and the extract was analyzed as described in 
secti on XI.B . 
XIV. Extract ion of Pendimethalin from •Kochia•, a Common -Weed 
The extraction of pendimethalin f rom a common weed •kochia', 
botanica l name of which is •Kochi a Scoparia,• was carried out in 
this part of the study. Three different benzene:acetone mixtures 
of 70 :30, 80:20 and 90:10 were us ed for extraction in three 
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different batches respectively and t he recovery of pendimethalin . 
thus achieved were compared. 
A. Plants were cut into very small pieces using a blender 
{Sorval l type). Nine samples of t he plant of 10 gm each 
were weighed and transferred into nine be~kers. fhe contents 
of each beaker was sprayed with 1 ml of 200 ppm standard 
pendimethalin. The spraying was accomplished by using a 
nebul izer of an atomic absorption spectrophotometer and 
using nitrogen gas for aspiration . In this way a very fine 
aerosol was obtained. The samples were allowed to dry for 
about t wo hours and then mixed thoroug hly . The contents in 
the beakers were then transferred into 250 ml Erlenmeyer 
flasks. Each of the flasks were labeled for 70:30, 80:20 
and 90:10 benzene :acetone mixtures respectively. Three 
samples were used for each mixture. Then 100 ml of e~ch 
mixture was added to the appropriatel y l abeled flasks. The 
flasks were then shaken slowly for 5 hours in a "Burrell 
Wris t Action" shaker . The extract was collected in 250 ml 
evaporation flasks and the spiked plant contents of each 
Erlenmeyer flask was washed thrice wi th 40 ml of the same 
benzene:acetone mixture followed by a 5 hour extraction. The 
extract thus obtained was green in color. The extract for 
each sample was evaporated in a rotary evaporator to near 
dryness and was dissolved in 10 ml of hexane . The pendimethalin 
was t hen separated from the accompanying chlorophyll and other 
soluble contaminants on a 6% flor isil column as described in 
section V.C~ The concentration of the sample was then 
adjusted to 0.4 ppm and 3 ~£ of the solution was injected 
into the gas chromatograph . 
XV~ Degradation Study of Pendimethalin in Ultraviolet Light 
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Three milliliters of 100 ppm pendimethali n was transferred to a 
petri dish and was directly exposed to long ultraviolet light for 
3 weeks. The residue of pendimethalin was extracted from the petri 
dish as described in section XI.B. The volume of the extract was 
adjusted to 3 ml and 3 ~£ of the solution was injected in the gas 
chromatograph . A 3 ~£ volume of control 100 ppm pendimethalin 
was also injected and the two chromatograms were compared for 
new additiona l peaks. Then 10 ml of 200 ppm standard p.endimetha1in 
was cleaned to remove the contaminants. The cleaning was performed 
as follows : 
A. Ten ml of 200 ppm pendimethalin was transferred to a fr2sh 
6% florisil column. By opening the stopcock the flow rate 
was adjusted to 1-2 drops per second until the solvent reached 
the top of the packing. Two more additions of 10 ml portions 
of hexane were added and were drained maintaining the same 
flow rate . Then 50 ml of hexane was added and was drained. 
A flow rate of 2-3 drops per second was used. Finally 20 ml 
of 5% benzene in hexane was added until the solvent level was 
1 em above the top of the packing maintaining a fj ow rate of 
2-3 drops per second . The pendimethalin was then eluted with 
150 ml of 80:20 V/V mixture of hexane:benzene as described in 
section V.C. The volume of the sample .was adjusted to 10 ml 
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with hexane. Three milliliter of the cleaned sample was trans-
ferred into a petri dish and was directly exposed to long ultra-
violet for one week. The residue of pendimethalin was extract-
ed from the petri dish as described in section XI.B. and 3 ~! 
of the extract was injected into the gas chromatograph. The 
peaks obtained in the chromatogram were then compared to that 
of a control 200 ppm standard pendimethalin which was injected 
sequent ially. 
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RESULTS AND DISCUSSIONS 
Gas Chromatographic Analysis of Pendimethalin: 
The gas chromatographic analysis of pendimethalin was carried out 
using a column of 1:1 mixture of 15% QF-1 and 10% DC-200 under the ch~o­
matograph conditions described in section IV.A. A very sharp and dis-
tinctively large peak was obtained for an injection of 3 ~£ gf 0.4 ppm 
pendimethalin. The retention time for pendimethal in was found to be 
10.5 minutes. A comparison of the peak height of pendimethalin with that 
of standard aldrin was made. The response ratio was found to be 1.49. 
The retention time of pendimathalin (10.5 min) was compared to that of 
standard aldrin (6.0 min) and the ratio was determined to be 1.75. The 
results of this study are given in Table 1. The number of theoretical 
plates (N), that represen ts t he efficiency of a column was also determined 
by using the equation : 
N = 16 ( reten ~ion ~ime. ) 
2 
peak w1dth 1n t1me 
The N value for pendimethalin was found to be about 1458. This value 
is sufficiently large to represent a very efficient column. 
Extraction of Pendimethalin From Soil With Different Solvents: 
Extraction of pendimethalin from soil was carried out using ana-
lytical grade hexane, acetone, benzene and toluene. The results are 
shown in Table 2. Maximum recovery, about 92%, was achieved with acetone. 
Recoveries with toluene and benzene were 57% and . 52%, respectively. Re-
covery ·with hexane was the lowest and was found to be about 45%. Pendi-
methalin, a dinitroaniline herbicide, is polar because of the two elec-
tronegative nitro groups 6n the two and six positions. The electronegativity 
Peak Peak 
Height of Height of 
· Pendametha 1 in Aldrin 
em em 
14.3 9.7 
14.4 9.5 
14.3 9.7 
---
Table 1 
Chromatographic Analysis of Pendimethalin 
in a Column of 15% QF-1 and 10% DC-200 
-
Retention Retention 
Response Time of time of 
Ratio Pendametha ·in Aldrin 
Min. Min. 
1.49 
10.5 6.0 
Ratio of retenti on time s= 
Retention time of Pend . -
Retention time of Ald. 
1. 75 
N 
~ 
Table 2 
Extraction of Pendimethalin From Soil 
Using Different Solvents 
pH of the Soil = 7.50 
Average 
Solvent % Extraction % Extraction 
Hexane 44.1 
48.0 45 . 1 
43.1 
Acetone 95.1 
85.3 92.2 
96.1 
Benzene 52e9 
50.9 52. 2 
52.9 
Toluene 57.8 
54.9 56.8 
57.8 
30 
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of nitro group is 3.4 and dipole moment is 3.1 .. Among the four solvents 
mentioned above acetone is the most polar and hence ~ a higher recovery of 
pendimethalin with acetone can be attributed to the compatibility of 
their polarity . Benzene and toluene showed simi lar percentages of extrac-
tion and this might be due to their similar polarity. The experimental 
procedure for this study is described in secti on IX. A. 
Extraction of Pend imethalin from Different Types of Soil: 
Pendimethalin was incorporated into different types of soils, 
allowed to stand for 2 days in the darkness and then was extracted by 
acetone. The soi ls used were silty clay, loamy sand ~ loam and silt loam. 
It was found that maximum recovery of pendimathalin was accomplished 
from silty clay ~ The percentage of extraction was qs =93% , Ahout 94.18% 
recovery was obtai ned from loamy sand. Recovery from loam and silt loam 
soils was found to be 82.95 and 88.76 percent respectively. The average 
diameter of clay particles is very small~ usually less than 2 micrJns and 
hence more adsorption of pendamethalin molecules on the greater surface 
area of clay was antic ipated. But a high percentage of recovery was 
found in clay. K.E. Savage and T.N. Jordan (4) also found a less rapid 
initial loss of pendamethalin from clay compared to silt loam soil. 
According to R.J . Hence (24)$ clays have a net negative charge and hence 
can act as ion-exchangers. Clay surfaces are rich in hydroxyl groups, 
and are more hydrophili c than the predominantly aromatic organic matters. 
Pendimethalin, being an aromatic compound substituted with nit ro, alkyl 
and substituted amino group would then be comparatively less adsorbed on 
the clays. This might be a plausible explanation for the high percentage 
I 
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of extraction as was found in clay. 
The percent recovery from loam and silt loam soils was found to 
be less than for clay and loamy sand. Loam and si lt loam soils are rich 
in organic materials . According to R.J. Jence (24), these organic materials 
are hydrophobic components in the soil. As described by the model of 
hydrophobic bondi ng (24), adsorption can i ncrease with the increase of 
hydrophobic compo nents in the soil. According to t hat model, liquid water 
is thought to fo rm a partial cage of hydrogen- bondi ng structures around 
hydrophobic groups . When such groups associate with hydrophobic surfaces, 
the water reverts to a less ordered state so that the entropy of the 
system increases, hence adsorption is thermodynamicall y f avored. 
In addit ion to the above explanation, a direct correlation be-
tween soil pH and percent recovery from the soil was observed in our study. 
Pendimethalin i n loamy sand and silty clay hav ing pH of 8.11 and 7.82 
respectively, were found to be more extractabl e compared to silt loam and 
loam with pH of 5.96 and 5.88 respectively. The r esult i ng data of this 
study are shown in Table 3. 
Effect of Tempera ture on Pendimethalin : 
The effect of temperature on pendimethalin was studied in soil 
and solvent at t emperatures of 2°, 24°, 30°, 35°, 50° and 65°C at an 
interval of 4, 7 and 14 days. It was found tha t both in soil and solvent 
pendimethalin was quite stable at 2°C for 14 days . The loss increased 
with the increase of temperature and it was f ound that the Pate of loss 
of pendimethalin was greater in solvent than in soil. In soils within 
the first 4 days, 50% of pendimethalin 0as lost at 65 oc . During a two 
Table 3 
Extraction of Pendimethalin From 
Different Types of Soil by Acetone 
Types of 
Soi l pH % Extraction 
Silty Clay 7 .. 82 86.1 
97 . 7 
94.2 
loamy Sand 8. 11 91 e 9 
93.0 
97.7 
I I 
Loam I 5.88 ! 82.6 
80.2 
86.1 
Silt Loam 5.96 87.2 
89.5 
89.5 
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Average 
% Extraction 
92.7 
94.2 
I 
82.9 
88.7 
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week period at that ten1pe rature almost 80% of the applied pendimethalin 
was lost from the soil. In solvent, 50% of the applied pendimathalin was 
lost within a one week pe riod at 35°C and at the same temperature after 
two weeks almost 90% was lost . In solvent at 50°C , 100% of the ~dded 
pendimethalin was lost after 4 days. The slower rate of loss of pendi-
methalin in soil may be attributed to the adsorpt ion of the herbi cide 
molecules on the surface of the soil particles and the resulting reduc-
tion of the mobi lity of the herbicide molecules. When added to the 
solvent, no such interference to the mobility of the herbicide molecules 
was possible except minor adsorption on the wall of t he container. The 
results are shown in Tabl es 4A and 4B . 
Effect of Light of Different W3veleng ths on Pendimeth~lin in. )oil and 
Solvent: 
Soil and solvent samples with added pendimethalin were exposed to 
short wavelength ultrav iolet, long wavelength ul traviolet and visiJle 
radiation. Samples stored in the dark were also compa red to those exposed 
to light of different wavelengths. Exposure times of 2, 4, 7, 14, 21, 28, 
42 and 56 days were used. Results of the effect of white light and dark-
ness on pendimethalin in solvent are shown in Table 5A and those of short 
and long ultravio let are shown in Table 5B. The rate of loss of pendi-
methalin in solvent unde r exposure to white light and darkness was found 
to be less prominen t . After 56 days of exposure to white light about 
64.9% of residue was recovered . For the samples stored in da~kness, the 
recovery was about 70% after the same time period. The trend of loss of 
pendimethalin both in white light and dark was found to be similar as 
• 
Table 4A 
Effec t of Temperat ure on Pendimethalin 
IN SOIL 
4 days 7 days 14 days 4 days 
Temp. Avg. Avg. Avg. Temp. Avg. 
% % % % % % % % oc Recovery Rec. Rec. Rec. Rec. Rec. oc Recovery Rec. 
20 98.4 100.0 104.9 20 93.5 
95.9 94.6 98.1 99.4 90.3 98.4 92.7 95.1 
89.4 100.0 100.0 99.2 
24° 97.1 84.2 87.9 24° 89.5 
105.8 100.6 87.8 88.2 84.3 86.1 89.5 91.8 
99.0 92.7 86. 1 96.5 
30° 86.2 83.3 81.7 30° 93.6 
88.~9 86.8 83 . 3 83.3 87.3 84.5 92.7 92.1 
85.3 83.3 84.5 89. 9 
-
IN SOLVENT 
7 days 
Avg. 
% % 
Rec. Rec. 
92.9 
94.7 94.1 
94.7 
85.0 
87.1 85.5 
84.3 
69.7 
72.7 72.2 
74.2 
14 days 
Avg. 
% % 
Rec. Rec. 
100.0 
88.0 94.7 
96.0 
84.4 
81.3 83.4 
84.4 
43 .9 
39.0 41.9 
1 42.1 
w 
U1 
Table 48 
Effect of Temperature on Pendimethalin 
IN SOIL 
4 days 7 days 14 days 4 days 
Temp. Avg. Avg. Avg. Temp. Avg. 
% % % % % % % % 
oc Recovery Rec. Rec. Rec. Rec. Rec . oc Recovery Rec. 
35° 84.5 53.5 7a.7 35° 63.2 
82.5 81.2 71.9 67.8 69.8 7a.1 60.3 62.7 
76.7 78.1 69.8 64.7 
sao 76.5 59.8 54.a sao No --
Peak 
. 72.9 72.5 63.4 60.2 60.8 56.7 
68.2 57.3 55.4 
65° 42.1 30.8 22.7 65° No --
Peak 
49 .. 1 46.8 30.8 31.2 22.7 22.2 ' 
49.1 32.1 21.3 
I 
IN SOLVENT 
7 days 
Avg. 
% % 
Rec. Rec. 
44.1 
47.1 47.6 
51.5 
No --
Peak 
No --
Peak 
14 days 
Avg. 
% % 
Rec. Rec. 
6.9 
9.6 8o2 
8.2 
No --
Peak 
No --
Peak 
I 
w 
a-. 
' 
shown in Graph 1. Afte r i nitial rapid l oss for about 20 days, the 
amount of applied pendimet halin remained relatively constant for about 
two weeks and then aga in dissipated significantly with time 
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rapid rate. In solvent, a rapid rate of l oss of pendimethalin exposed to 
long and short wavelength ultraviolet light was observed. After 42 days, 
about 90% pendimethali n was lost in long wavelength ultraviolet exposed 
samples and about 95% was lost in short wavelength ultraviolet light 
exposed sampl es. The half-life of pendimethalin in short and long wave-
length ultraviol et light was found to be 14 and 16 days, respectively. 
Unlike white light and darkness, where there was a variation in the rate 
of loss, in short and long wavelength ultraviole t light pendimethalin 
was lost quic kly wit h an almost constant rate. The dissipation ~urve for 
short and long wave length ultraviolet light shows smooth curves and are 
shown in Graph 2. 
The rate of loss of pendime~halin was sl ower in soil than in 
solvent, when exposed to white light and darknes s. Although the rates 
of loss in soil and solvent were different, the pattern of loss was the 
same. The varia tion of rate of loss seen in solvent , was also seen in 
soil samples. In soi l, after initial rapid loss for about a week, the 
residue content in the soil remained almost constant for about three 
·weeks and t hen dissipated at a less rapid rate . The dissipation curve 
for soil san1ples in white light and darkness is shown in Graph 3. After 
56 days in soil, about 76 .8% pendimethalin was recovered from the white 
light exposed sample and 78 .8% was recovered from the sample stored in 
the dark. 
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Graph 1. Pendimethalin in Solvent Exposed to White Light and the Darkness. 
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Graph 2. Pendimetha lin in Solvent, Exposed 
to Long and Short Wavelength Ultra-
violet Lig ht 
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Graph 3. Pendimethalin in Soil, Exposed to White Light 
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Tabl e SA 
Effect of Wh ite Light and Dark 
on Pend imethalin in Solvent 
WHI TE LIGHT DARK 
Temperature : 24°C Temperature: 
Average 
% % % 
Recovery Recovery Days Recovery 
96.9 2 87.9 
101.5 98.9 86.4 
98.5 98.5 
93.8 4 89.5 
95.0 97.9 89.5 
105.0 I 96.5 
93.4 7 85.0 
106.6 97.8 87.1 
93.4 84.3 
90. 7 14 84.4 
90.7 91.6 81.3 
93.4 84.4 
83.4 21 82.5 
85.9 82 . 9 85.0 
79.5 81.3 
81.8 28 80.7 
79 . 6 81. 8 88.6 
84 .1 79.5 
71 .2 42 70.8 
65 .8 69 .4 57.4 
71 .2 .75. 3 
69 .3 56 68.0 
61 .3 64.9 78.7 
64.0 74.7 
41 
24°C 
Average 
% 
Recovery 
90.9 
91.9 
85.5 
83.3 
82.9 
82.9 
71.2 
-· 
73.8 
Days 
2 
4 
7 
14 
21 
28 
42 
56 
Table 58 
Effect of Long and Short Wavelength 
Ultraviole t Light on Pendimethal in in Solvent 
LONG ULTRAVIOLET SHORT ULTRAVIOLET 
Temperature: 26°C Temperature: 26°C 
Average Average 
% % % % 
Recovery Recovery Days Recovery Recovery 
93.5 2 83.3 
.... 
89.7 90.9 88.5 84.2 
89. 7 80.8 
85.1 4 90.0 
80.4 84 .4 82.5 83.8 
87.9 78.8 I 
75.7 7 76.8 
77.0 76 . 1 73.2 73.9 
75.7 71.7 
56.3 14 54.8 
56.3 56.8 57.1 56.8 
57.8 58.3 
39.2 21 37.5 
39.2 42.3 37.5 35.8 
48.7 32.5 
25.9 28 25.0 
35.8 25.5 30.7 23.1 
14.8 13.6 
7.8 42 5.6 
6. 5 9.6 4.5 5.2 ..... 
14.3 5.6 
No -- 56 No --
Peak Peak 
42 
! 
43 
A significant difference in the loss of pendimethalin in soil and 
solven t was observed when exposed to short and long wavelength ultraviolet 
light e In solvent the loss was continuous and rapid with time. In soil, 
there was variation in the rate of loss of pendimethalin. In soil, under 
short and long ultraviolet light, pendimethalin dissipated quickly for the 
first three weeks, then remained almost constant for about three weeks 
and then again was lost significantly with a moderate rate. Here, after 
56 days of exposure to short ultraviolet light about 64.1% of the pendi-
metha lin and in long ultraviolet 64.8% of the pendimehtalin was recovered, 
while in solvent 90-95% of the pendimethalin was lost within 42 days of 
exposure. The dissipation curve for pendimathali n in soil under short 
and long ultraviolet light, shown in Graph 4~ is almost like that of 
white light and darkness shown in Graph 1. The pattern of loss in soil 
is completely different compared to that of pendimathalin in solvent 
under long and short ultraviolet as shown in Graph 2. The results ob-
tained for the effect of white light and darkness on pendimathalin in soil 
is shown in Table 6A and that of short and long ultraviolet is shown in 
Table 68. 
The rapid rate of loss of pendimethalin in solvent under white 
light compared to that in soil may be attributed to the fact that in 
solvent light photons hit the pendimethalin molecul es directly thus im-
parting energy required to volatilize. In soil light cannot penetrate 
too far in the soil and only the pendimethalin molecules on the surface 
of the soil come in contact with white light. The study in darkness 
showed an appreciable amount of loss even without coming in contact with 
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Graph 4. Pendimethalin in Soil, Exposed to Long and Short Wavelength 
Ultraviolet Light . · 
()_ Long Ultraviolet 
£1- Short Ultraviolet 
10 20 30 
DAYS 
1 r 
40 50 60 ~ 
~ 
Days 
2 
4 
7 
14 
21 
28 
42 
56 
Table 6A 
Effect of White Light and Dark on 
Pendimethalin in Soil 
Soil pH= 7.50 
WHITE LIGHT DARK 
Temperature: 24°C Tempera t ure: 
Average 
% % % 
Recovery Recovery Days Recovery 
101.1 98.6 2 86. 0 
97.9 98.6 102.2 
96.8 94. 6 
97.1 4 97. 1 
104.8 97.1 105 . 8 
97.1 99.0 
I 
7 o.f.2 a9.o 
87.8 86.2 87.8 
81.7 92.6 
87.0 14 87. 9 
84.3 86.4 84.3 
87.9 86.1 
84.2 21 85.9 
85.1 85.4 81.6 
86. 8 80 . 7 
90.1 28 80.8 
84.5 85.9 87 ~ 7 
83.1 86.3 
78.6 42 87.1 
82. 9 80.5 80.0 
80.0 81.4 
78 . 8 56 78.8 
78.8 76.8 
81.8 
72.7 
75.8 
45 
24°C 
Average 
% 
Recovery 
98.4 
98.06 
88.2 
86 .1 
82.7 
84.9 
82 . 9 
78.8· 
-· 
Days 
2 
4 
7 
14 
21 
28 
42 
56 
Table 6B 
Effect of Long and Short Wavelength 
Ultraviolet Light on Pendimethalin in Soil 
Soil pH = 7.50 
LONG ULTRAVIOLET LIGHT SHORT ULTRAVIOLET LIGHT 
Temperature: 26°C Temperature: 26°C 
Average Average 
% % % % 
Recovery Recovery Days Recovery Recovery 
93.9 2 95.8 
94.8 94.8 96.7 96.4 
95.7 96.7 
92.9 4 86.8 
95.6 91.8 91.8 90.7 
l 86.8 93.8 I 
85.3 7 84.3 
88.5 85.8 91.0 87.3 
83.6 86.5 
73.1 14 80.3 
88.2 78.9 78.8 79.6 
75.3 67.9 
78.7 21 77.9 
77.0 78.1 76.3 76.6 
78.7 75.4 
76.9 28 74.0 
73.1 75.7 71.2 73.1 
76.9 74.0 
72.1 42 72.3 
73.8 74.9 73.9 72.0 
78.7 69.8 
65.6 56 61.5 
63.9 64.8 66.2 64.1 
64.8 64.6 
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light photons . This loss in darkness is believed to be due to tempera-
ture effect . The effect of temperature on t his herbicide as discussed 
earl ier and the results shown in Tables 4A and 4B, showed a remarkable 
effect on the apparent volatility of pendima t halin. The slower rnte of 
loss in soil compared to that in solvent in dark may be due to a certain 
amount of adsorption of the herbicide molecules on the soil, thus de-
creas ing the mobility of the herbicide molecul e . 
The rate of loss of pendimethalin both from soil and solvent 
was ·greater in short wavelength ultraviolet light t han in long wavelength 
ultraviolet light as shown in Tables 6A and 68. This was because of the 
interaction of the higher energy photon of short wavelength ultraviolet 
light wi th pendimethal in molecules. The short wavelength ultravio)et light 
const i t utes the shorter fraction (4-300 nm) of the ultraviolet wavelength 
range and has an energy equivalent to about 104 kcal/mole. The long wave-
length ultraviolet light consitutes the longer f raction (300-400 n~) of 
the ultraviolet and has an energy of about 102 kcal/mole. 
The loss of pendimethalin both in short and l ong wavelength 
light was probably because of a combination of volatilization and some 
kind of chemical transformation. The temperature inside the ultraviolet 
box wa s measured periodically throughout the study and was found to be 
about 26°C in average for both long and short wavelength ultraviolet 
light . From the study of the effect of temperature on pendimethalin it 
was convincing that temperature has a remarkable effect on the apparent 
volati lity of pendimethalin. The extent of l oss of the herb i cide in 
short and long wavelength ul traviolet light at a particular period of 
48 
time did not agree with the amount of loss found at the same time period 
and similar temperature in the temperature effect study. After 14 days 
at 24°C the loss of pendimethalin in solvent was about 17% in the tempera-
ture effect study, as shown in Tables 4A and 48. At the same time period 
the loss of pendimethalin was about 43% in both ultraviolet ranges, as 
shown in Table 58. Although the 2° higher temperature for ultraviolet 
light may have had some effect on the loss of pendimethaline, the high 
percentage of loss in ultraviolet lights indicates some other chemical 
transformations , probably degradation. We do not have direct evidence 
identifying the degradation products, but a degradation study of pendi-
methalin showed positive results favoring the concept of degradation in 
ultrav iolet lights. The degradation study is discussed in the next 
section. 
Degradation Study of Pendimethalin in Ultrav iolet Light: 
A direct application of 3 ~£of 100 ppm pendimethalin in the gas 
chromatograph showed two major peaks (peaks No. 1 and No. 2) as shown 
in the Chromatogram 1. After exposure to long wavelength ultraviolet 
light for three weeks, and upon analysis, the chromatogram showed a new 
peak (peak No. 4) and peak 3 became larger in si ze. A remarkable change 
was the disappearance of peak 1. This is shown in Chromatogram 2. Be-
cause of this development it was difficult to decide whether the additional 
peak formation (peak No. 4) and the enlargement of peak 3 was the result 
of peak 1 or the pendimethalin peak (peak No. 2). The sample was cleaned 
on 6% florisil to remove peak 1, as described in section XV.A. The 
chromatogram of the .cleaned sample is shown in Chromatogram 3. After 7 
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Chromatogram 4. 3~~ of 200 ppm Cleaned Pendimethal in in Long 
Ul t raviolet fo r 7 Days 
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days exposure to long wavelength ultraviolet light, the cleaned pendi-
methal in sample also showed formation of a new peak (peak No. 4) and the 
enlargement of peak 3. This is shown in Chromatogram 4. These observa-
tions indica ted that formation of new products from pendimethalin on ex-
posure to ultraviolet light was occuring. All peak heights in this study 
were compared with the peak heights of standard aldrin. 
Effect of pH on Pendimethalin in Soil: 
The effect of pH values of 4.6s 6.0, 7.0, 8.0 and 10.0 on pendi-
methl in in soil was studied. The soil pH of 4.6, 6.0, 7.0, 8.0 and 10.0 
were mainta ined by using buffers of corresponding pH values. The results 
obtained in this study did not show any rema rkable effect of pH on the 
recovery of pend imethalin from soil. The percent recovery in all cases 
were almost the same, ranging from 90% to 93%. The soil samples of pH 
7.0, 8.0 and 10 .0 showed a direct correlation between the percent recovery 
and the pH values. With the increase of pH, there was an increase of 
percent recovery of pendimethalin. The change was very small. The 
values obta ined for samples of pH 4.6 and 6.0 are erratic. The percent 
recoveries from the soils of pH 4.6 and 6.0 were 92% and 93% respectively. 
These values are higher than those of soils of pH 7.0, 8.0 and 10.0 and 
did not foll ow the trend as was shown by the sampl es of pH values 7.0, 
8.0 and 10.0 . The results are shown in Table 7. 
Extraction of Pendimethalin from 'Kochia', a Common Weed: 
Pend imethal in was extracted from a common weed, known as -·kochia, 
by using mixtures of benzene and acetone. Three different proportions; 
70:30, 80:20 and 90:10 .mixtures of benzene:acetone were used. The results 
are shown in Table 8. 
pH 
4.6 
6.0 
7e0 
8.0 
10.0 
Table 7 
Effect of pH on Pendimethali n in Soil 
Temperature = 24.5°C 
% 
"Recovery 
92.3 
92.3 
91.6 
90.6 
93.7 
I 94.4 
90.2 
88.1 
92.3 
88.8 
93.7 
90.2 
93.0 
90.9 
91.6 
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Average 
% 
Recovery 
92.1 
93.0 
90.2 
90.9 
91.8 
-· 
Benzene : 
Acetone 
Mixtures 
70:30 
80:20 
90:10 
Table 8 
Extraction of Pendimethalin From 
1 Kochia', a Common Weed 
% 
Recovery 
26.4 
21.8 
25.6 
63.0 
59.0 
64.0 
54.8 
53.6 
59.5 
55 
Average 
% 
Recovery 
23.9 
62.0 
I 
55.9 
Maximum extraction was possible with the 80:20 benzene:acetone 
mixture, which yielded recovery of about 62%. With 70:30 mixture only 
about 24% of pendimethalin was extracted. With the higher proportion 
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of acetone, more chlorophyll along with an oily substance was extr1cted. 
In the subsequent steps of drying and cleaning the sample, the oily sub-
stance adhered to the wall of the flask. In the chromatographic column 
it tended to clog the flow of the solvents . The low recovery of pendi-
metha lin in the 70:30 mixtu re might be due to the loss of some pendi-
methalin in the flask along with the oily substance e In the column, pen-
dimethal in was probably trapped inside the oily substances. 
With the 90:10 mixture, about 56% of pend imethalin was extracted. 
It was found that 80:20 benzene:acetone mixture was the most suitable 
for extraction with a compromise between low recovery and ease of extrac-
tion and cleaning. 
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SUMMARY 
The gas chromatographic analysis of pendimethalin was carried 
out using a column of 1:1 mixture of 15% QF-1 and 10% DC-200 . The peak 
obtai ned was sharp and t he retention time was found to be 10.5 minutes. 
Extraction of pendimethalin from soil was perfo rmed by using acetone, 
hexane , benzene and toluene as solvents. Ace tone turned out to be the 
best solvent for extract ion of pendimethalin from soil. With acetone, 
about 92% of the pendimethali n was recovered. Tne recovery was the least 
with hexane . Extraction of pendimethalin from different types of soil 
was also performed using acetone as the _olvent. The soils used were 
silty clay, loamy sand , loam and silt loam . Maximum recovery was possible 
from silty clay and ioamy sand and the recovery was ahout 95 . 9% ~~d 94.2% 
respectivel y. 
A marked effect of temperature on the loss of pendimethalin from 
soil and sol vent was found. The study was done at temperatures 2°, 24°, 
30°, 35°, 50° _and 65° C for peri ods of 4, 7 and 14 days. The rate of 
loss of pend imethalin was greater in solvent than in soil. Within a 
period of 14 days almost 50% of the applied pendimethalin was lost from 
the soil at 50°C. In solvent almost 100% was lost at sooc within 4 days. 
Pendimethalin was found to be stable for two weeks at 2oc. 
The effect of pH on the loss of pendimethalin from soil was not 
prominant . The recoveries from soil of pH 4.6, 6.0, 7.0, 8.0 and 10~0 
~ 
after 7 days were found to be almost similar, ranging from 90.3% to 93.0%. 
The study of the effect of light of different wavelengths showed 
a rapid and continuous loss of pendimethalin in solvent when exposed to 
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short and long wavelength ultraviolet light, compared to that in white 
light and darkness. In solvent, 90% and 95% of pendimethalin was lost in 
42 days when exposed to long and short wavelength ultraviolet light 
respectivel y. In white light and dark at the same time period only about 
30% and 29% was lost respectively. In all cases loss of pendimethalin 
was rapid in solvent compared to that in soil. In white light and dark-
ness there was a variation in the rate of loss of pendimethalin both in 
soil and solvent. The initial rapid loss was always followed by a rela-
tively constant residue content and then again dissipated with a moderate 
rate. The soil samples of pendimethalin, when exposed to short and long 
wavelength ultraviolet radiation, showed the same pattern of loss as was 
seen in white light and darkness. When pendimethaiin in solvent was 
exposed to short and long wavelength ultraviolet light, the loss was rapid 
and continuous . The dissipation curve for this was found to be a smooth 
curve, showing a continuous depletion of applied pendimethalin with time. 
The loss of pendimethalin in short and long wavelength ultraviolet 
light was believed to be the combined effect of temperature and chemical 
transformation, probably degradation. Although the degradation products 
were not identified, in the degradation study formation of new peaks 
and enlargement of already existing peaks supported the idea that degradation 
was taking pl ace. 
The extraction of pendimethalin from a common weed, known _as 
'kochia' was attempted with benzene:acetone mixtures in 70:30, ~0:20 and 
90:10 proportions. The 80:20 mixture was found to be the most suitable 
for extraction of pendimethalin from the plant, although recovery was 
comparatively low (about 62%). 
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